I ntensive care unit (ICU) beds are a limited resource and, as the population ages, the demand for critical care is projected to increase (1) . However, few guidelines exist to help identify which patients should be admitted to an ICU and which patients can be effectively cared for elsewhere in the hospital (2) (3) (4) . For some critical care diagnoses (e.g., vasopressor-dependent septic shock), the decision to admit a patient to the ICU may be clear. But for many low risk diagnoses that typically only require closer monitoring (e.g., gastrointestinal bleeding without shock, diabetic ketoacidosis [DKA]), which account for 39% of ICU admissions in the United States (5) , the decision is less clear, resulting in variation in practice. Understanding the drivers of this variation, specifically, how much of it is explained by differences in patient characteristics and quantifiable hospital factors vs. differences in institutional practice patterns or culture, is the first step towards identifying best practice and decreasing unwarranted variation in care.
Studying the variation in ICU admission practice across hospitals is challenging due to the heterogeneity of critical illnesses. Each institution is charged with providing care to widely differing populations of ill adults. Consequently, it is difficult to tease out whether variations in admission practice between hospitals arise from the use of differing triage strategies or, from the use of similar triage strategies being applied to different patient populations. To minimize heterogeneity, therefore, we chose to study a single condition: DKA, a serious complication of diabetes mellitus (6) . We selected DKA as it is an easily diagnosed condition that is almost exclusively present on hospital admission (rather than developing during hospitalization) and for which ICU admission is common (7) , but not essential. Furthermore, there are no guidelines regarding ICU admission for this population, but care itself is typically protocolized with relatively little room for clinician discretion (8) .
Objective: Intensive care unit beds are limited, yet few guidelines exist for triage of patients to the intensive care unit, especially patients at low risk for mortality. The frequency with which low-risk patients are admitted to intensive care units in different hospitals is unknown. Our objective was to assess variation in the use of intensive care for patients with diabetic ketoacidosis, a common condition with a low risk of mortality.
Design: Observational study using the New York State In-patient Database (2005) (2006) (2007) Interventions: None.
Measurements and Main Results:
We calculated reliability-and risk-adjusted intensive care unit utilization, hospital length of stay, and mortality. We identified hospital-level factors associated with increased likelihood of intensive care unit admission after controlling patient characteristics using multilevel, mixed-effects logistic regression analyses; we assessed the amount of residual variation in intensive care unit utilization using the intraclass correlation coefficient. Use of intensive care for diabetic ketoacidosis patients varied widely across hospitals (adjusted range: 2.1% to 87.7%), but was not associated with hospital length of stay or mortality. After multilevel adjustment, hospitals with a high volume of diabetic ketoacidosis admissions admitted diabetic ketoacidosis patients to the intensive care unit less often (odds ratio 0.40, p  .002, highest quintile compared to lowest), whereas hospitals with higher rates of intensive care unit utilization for all nondiabetic ketoacidosis in-patients admitted diabetic ketoacidosis patients to the intensive care unit more frequently (odds ratio 1.31, p  .001, for each additional 10% increase). In the multilevel model, more than half (58%) of the variation in the intensive care unit admission practice attributable to hospitals remained unexplained.
Conclusions: We observed variations across hospitals in the use of intensive care for diabetic ketoacidosis patients that was not associated with differences in-hospital length of stay or mortality. Institutional practice patterns appear to impact admission decisions and represent a potential target for reduction of resource utilization in higher use institutions. ( (10, 11) . Admission to an ICU was identified using resource utilization codes and could include admission to a coronary care unit; use of a step-down or intermediate care unit was not included due to inconsistencies in the definition of such units and the absence of this information in our dataset (12) . We refer to patients as having received intensive care during the hospitalization (rather than being triaged to the ICU) because the exact timing of ICU admission was not available to allow confirmation that DKA patients were directly admitted to the ICU from the emergency room. Available patient characteristics included demographic and socio-economic information (age, gender, race, primary insurance provider, median income quartile for zip code of residence), the extent of chronic illness (using the Deyo modification of the Charlson comorbidity index) (13) , and type of hospital admission (emergent or nonemergent).
Hospitals
We obtained characteristics of acute care hospitals in New York State by linking data from the State In-patient Database to the Health care Cost Report Information System from 2006 (14) . Missing data were obtained from the American Hospital Association's Survey from 2007 (15) . Hospital-specific data obtained from these sources included the number of hospital beds, percentage of hospital beds designated as critical care (including medical ICU, surgical ICU, coronary care unit, and burn unit beds), teaching status of the hospital (defined based on resident to hospital bed ratio as "nonteaching" [no residents], "minor teaching" [0.25 residents per bed], and "major teaching" [0.25 residents per bed (16) ], the average hospital occupancy rate over a year, the average ICU occupancy rate over a year, and the location of the hospital (metropolitan and nonmetropolitan, per the standard U.S. government classification). We also calculated the frequency of DKA in each hospital defined as the percentage of in-patients with a diagnosis of diabetes mellitus that had DKA, the total volume (absolute number) of DKA patients cared for, and the percentage of all non-DKA in-patients who received treatments in an ICU.
We excluded data from hospitals that admitted fewer than ten patients with DKA over the 3-year time period (n  16) or had an average age of patients with DKA that was 95th percentile for all hospitals (48.0 yrs, n  14) or 5th percentile (34.2 yrs, n 13). We also excluded data from hospitals that had an unusually high percentage (95th percentile) of diabetic in-patients diagnosed with DKA (4.6%, n  12). Nine hospitals met more than one exclusion criterion.
Statistical Analyses
Our overall approach was to use multilevel models, nesting individual hospitalizations (with detailed information about each patient) within hospitals. Such models estimate the extent to which variance is explained at the patient and hospital-level by allowing for both risk adjustment, to account for differences in patient comorbidity, and for reliability-adjustment. Reliability adjustment is a technique which accounts for variation due to chance inherent in situations in which an event is infrequent, such as low numbers of hospital admissions (17) (18) (19) . When a hospital has only one admission for DKA, the observed rate of ICU use must be either 0% or 100% no matter what that hospital's "true" rate of ICU use would be if more admissions were observed. A reliability-adjusted hospital rate is a mathematically optimal weighted average of the observed hospital-specific rate and the overall rate for all hospitals (the "population average rate"). When there are many admissions to a given hospital, the reliability-adjusted rate is weighted to be almost entirely the observed hospital-specific rate. But when there are very few admissions to a given hospital, the population average rate is given more weight in recognition of the fact that we lack information about that given hospital. Our reliability-adjusted models also adjust standard errors for these multiple sources of variance (at the patient and hospital levels) to allow valid statistical inferences and calculation of probability values in the presence of clustering.
We summarized the patient characteristics and hospital characteristics associated with admission to an ICU with a diagnosis of DKA. We first compared differences between groups using the chi-square and Student's t tests as appropriate. We then used multilevel mixed-effects logistic regression to identify the odds of ICU admission associated with individual patient-and hospital-level factors. All listed factors were included in the final multivariate model. We determined the variation in ICU utilization attributable to hospitals using the intraclass correlation coefficient (20) ; we compared the variation in a model without adjustment for either known patient or known hospital-level factors to a model that included both in order to determine the residual unexplained hospital-attributable variation.
We grouped hospitals into quintiles based on the overall frequency of ICU use for DKA in each hospital. We then assessed hospital length of stay (LOS) and reliability-and risk-adjusted hospital mortality for patients in hospitals with similar overall frequency of admission to ICU. We report median LOS (with interquartile range) due to the nonnormal distribution of the outcome. We assessed the relationships between the ICU utilization rate of the hospital and 1) median LOS for patients in that hospital using the Spearman rank correlation coefficient; and 2) adjusted hospital-specific mortality using linear regression in which we regressed each hospital's adjusted mortality rate on its adjusted ICU utilization rate.
All analyses were performed using STATA 11.1 (StataCorp LP, College Station, TX) and Microsoft Excel (Microsoft, Redmond, WA). Human subjects approval was obtained from Beth Israel Medical Center institutional review board (IRB 200-10).
RESULTS
The cohort included 15,994 patient admissions to 159 hospitals ( Table 1 ). The majority of hospitals (81.7%) were in a metropolitan setting and more than half of the hospitals were teaching facilities (57.2%). The hospitals had a median of 190 beds with ICU beds accounting for a median 9.4%, interquartile range (IQR) 7.6% to 12.8%, of all hospital beds. A median of 11.8% (IQR 8.9% to 19.0%) of all in-patient admissions were admitted to an ICU during their hospitalization. DKA patients made up 0.4% (median of hospitals 0.4% [IQR 0.3% to 0.5%]) of all hospital admissions and 1.4% (median of hospitals 1.7% [IQR 1.0% to 2.5%]) of ICU admissions in our cohort of hospitals.
Of the admissions for DKA, 52.6% were admitted to an ICU ( Use of intensive care for patients with DKA varied significantly across hospitals (Fig. 1) . The median risk-and reliability-adjusted frequency of admission to ICU was 54.8% with a range of 2.1% to 87.7%. After adjustment for clustering by hospital, several patient-and hospital-level factors were significantly associated with more frequent admission to the ICU (Table 3) . A sensitivity analysis omitting insurance provider and retaining only quartile of median income in our model did not change our overall results.
Patient Characteristics Influencing Variation in the Use of Intensive Care
The odds of admission to ICU were increased for patients who lived in a more affluent zip code (odds ratio 1.19 for being in the highest or second highest income quartile vs. the lowest, p  .033), had more chronic illnesses (odds ratio 1.09 for each additional Charlson index point, p  .001), were admitted after an emergent presentation to the hospital (odds ratio 1.79 compared with arriving as a nonemergent patient, p  .001), or were admitted on the weekend (odds ratio 1.14, p  .002). The odds of admission to ICU were decreased for patients who were older (p  .002) or nonwhite (p  .019).
Hospital Characteristics Influencing Variation in the Use of Intensive Care
The only two hospital-level characteristics found to be associated with ICU use for DKA were the volume of DKA patients admitted over the 3-yr period and the overall use of intensive care. DKA patients were less likely to be admitted to the ICU if they were in a hospital with a high volume of DKA (odds ratio 0.40 for highest quintile vs. lowest quintile, p  .002). Overall higher use of ICU level care for non-DKA hospital admissions was associated with more ICU utilization for DKA patients (odds ratio 1.31 for each additional increase in 10% of non-DKA ICU utilization, p  .001).
Unexplained Variation in the Use of Intensive Care
The individual hospital accounted for more than one-fifth (21.3% [confidence interval 17.4% to 25.8%]) of variation in ICU use for DKA patients. After adjustment for known patient and hospital-level factors, 58% of variability attributable to hospitals remained, leaving 12.3% (confidence interval 9.7% to 15.6%) of all variation in ICU utilization unexplained and attributable to hospitals.
Outcomes
The median hospital LOS was 3 days (range 1-6 days) and median reliability-and risk-adjusted hospital mortality was 0.7% (range 0.4% to 3.4%) for all hospitals. There was no association between greater use of intensive care for patients with DKA and either hospital LOS (Spearman rank correlation coefficient, r  2.128, p  .108, Fig.2A ) or hospital mortality (r  .002 [2.005 to 0.001], p  .24, for the association of an increase in hospital mortality rate by 1% to an increase in ICU utilization by 1%), ( Figure 2B ).
DISCUSSION
There exists a wide variation in the use of intensive care for patients with a primary diagnosis of DKA across New York State hospitals. Much of the variation in practice was due to identifiable patient and institutional factors. However, there was also persistent variation between hospitals that could not be explained by observed patient or hospital characteristics.
Some of the independent explanatory factors were consistent with the use of intensive care for patients with a higher severity of illness, for example for patients with a greater number of comorbidities. The volume of patients treated with DKA was also inversely correlated with the use of intensive care, consistent with the idea that care for DKA patients could be provided in other areas in hospitals where DKA may represent a more routine admission diagnosis. Other factors, however, such as greater use of intensive care for patients with higher socioeconomic status or those who are admitted to hospitals that use intensive care more frequently for non-DKA in patient admissions, are not as clearly linked to quality of care decisions and may represent potential targets for decreasing potentially unnecessary intensive care use.
Much of the interhospital variability in ICU admission practices for patients with DKA could not be explained by available patient factors. This observation coupled with the finding that the overall freque ncy of admission of non-DKA in-patients to the ICU was one of the largest predictors of ICU utilization for DKA suggests that there are unmeasured institutional factors that impact decisions to admit patients to ICU. For example, hospitals that We find it useful to stratify these potentially influential factors into those that are "structural" and those which are more about "culture." Structural factors may include staffing patterns (nurse and physician) throughout the hospital or the presence of protocols to allow for continuous insulin infusions on general medical wards. Cultural factors may include prevailing attitudes such as "DKA should be cared for in an ICU because that is the way it has always been done at this hospital." Enacting change in either type of factor is possible, yet each is fraught with its own challenges. Changing structural factors is theoretically easy to accomplish, but is often hampered by limited resources; for example, hiring more healthcare providers is expensive and approving new policies is time-consuming and labor-intensive. Altering culture requires buy in from participants and is inherently challenging to foster.
Nonuniformity in practice has been shown to be undesirable in domains of health care other than the use of intensi ve care (21) . In civilian trauma care, triage protocols designed to appropriately utilize resources have been shown to be effective in decreasing "overtriage" without negatively impacting outcomes when applied both in prehospital (22) and in-hospital (23) settings. Within hospital-based critical care, standardizing care to consistently implement optimal management strategies in the ICU can improve outcomes (24, 25) .
We found no association between ICU utilization and either hospital LOS or mortality. Studies of ICU triage decisions examining heterogeneous patient cohorts show overall worse hospital mortality for patients who did not receive intensive care (26) . A recent observational study examined the impact of ICU triage decisions on medical and surgical patients and found that patients triaged to the ICU had lower 28-day and 3-month mortality than those patients denied admission (27) . However, patients estimated to have a risk of hospital death of 5%, most DKA patients, did not have any survival benefit from ICU, intensive care unit. a Information on gender was not available for one patient; b information on race was not available for 414 (2.6%) patients in 39 (24.5%) hospitals; c "other" includes coding in the dataset as "no charge" or "other"; d information on median income of home zip code was not available for 953 (6.0%) patients in 95 (59.7%) hospitals.; e calculated as described in Deyo et al (13) ; f information on admission type was not available for two patients in one hospital. for which information on all variables was available; b "other" includes coding in the dataset as "no charge" or "other." admission to the ICU; this was consistent with our findings. We recommend caution when interpreting the present lack of association between ICU utilization and short-term patient outcomes for DKA. Our results are potentially consistent with two quite divergent interpretations: 1) that ICU admission is not beneficial for DKA patients; or 2) that hospitals are appropriately triaging higher-risk patients into effective ICU therapy, which is reducing any excess mortality they might otherwise have. In either case, use of intensive care would appear to have no association with outcome in an observational study such as our own, but with quite different practice implications. Further research is needed.
Our study has several limitations. Our data are from New York State. While the population of New York represents 6.3% of the US population (28) and we analyzed data from 159 hospitals, we cannot be sure that these findings extrapolate to other parts of the country (29) . Patient information also came from an administrative dataset with the potential for misclassification of patients (30) . However, other studies have used billing data to study DKA (10, 11) and the demographics of our cohort (specifically, the mean age and the percentage of patients with diabetes who had DKA) are consistent with other more detailed clinical cohorts (11, (31) (32) (33) . Additionally, severity of acute illness was not captured in our dataset; thus, it is possible that DKA patients at some institutions were more critically ill than at others and may account for some of the variation in triage practice. We did not have access to information on the bed occupancy (either hospital or ICU) on the day of admission for each patient. Daily occupancy has been shown to impact the decision to admit an individual patient to the ICU (34) (35) (36) (37) (38) . Furthermore, there may be other factors (i.e., nurse-to-patient staffing ratios, the ability of non-ICU settings to provide close monitoring, or the availability of step-down units) that could be large drivers of hospital-level practice. Additionally, we were unable to confirm whether patients with a diagnosis of DKA who spent time in the ICU during their admission were admitted to the ICU directly from the emergency department. It is possible that some patients were initially triaged to the floor and subsequently required transfer to the ICU. Given the relative paucity of poor outcomes for DKA, however, we believe this need to "step-up" care and, hence, erroneous categorization is likely rare. Finally, DKA patients make up a small minority of all ICU admissions and our findings may not be generalizable to other low risk diagnoses.
CONCLUSIONS
Intensive care is an expensive and limited resource. While the majority of intensive care research focuses on ways to improve delivery of care in the ICU, equally important is the question of who will benefit from intensive care. Our data, demonstrating the wide variability in use of intensive care for a group of relatively homogenous patients with low risk of death, suggest that some standardization of ICU admission criteria for specific subgroups A B Figure 2 . A, Median hospital length of stay for diabetic ketoacidosis (DKA) patients in acute care hospitals in New York State, stratified by proportion of patients admitted to intensive care units (ICUs) with DKA in each hospital.  shows median hospital length of stay; bars show the 25th-75th percentile for all patients in each group. † For reliability and risk-adjusted rates of the use of intensive care, the expected value is the actual cohort ICU utilization rate. B, Hospital mortality* for DKA patients admitted to acute care hospitals in New York State stratified by the proportion of patients admitted to ICU with DKA in each hospital. *Mortality for patients with DKA admitted to the hospital stratified by the hospital-level frequency of admission ICU. For example, 13 DKA patients out of 1772 patients in the 11 hospitals with intensive care use for DKA between 10% to 19% died, resulting in a 13/1772  0.73% unadjusted mortality rate. †For reliability-and risk-adjusted rates (mortality and use of ICU), the expected value is the actual cohort rate (mortality and ICU use, respectively). of patients may be an option. For these changes to occur, further studies are needed to investigate more fully the structure and staffing factors as well as hospital polices that may allow for some hospitals to make the most appropriate use of intensive care beds. A better understanding of these drivers of triage decisions, both for DKA patients as well as other groups of hospitalized patients, will be an important step towards providing lower-cost, higher-quality standardized care.
